T his special issue of IEEE Intelligent Systems presents some of the cutting-edge work in multirobot systems, where a group of intelligent robots that perceive and act in a shared environment accomplish tasks collectively. This area has garnered significant attention recently, due primarily to the availability of a variety of inexpensive and reliable simple robots, as well as the intellectually fertile ground for research into real-world problems that it offers. Because this area is rather broad, there are many interesting topics that are major avenues of research in their own right. The objective of this special issue is twofold: to present a representative, albeit necessarily incomplete, cross section of the subtopics, and to highlight some of the latest work seeking to extend the state of the art.
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This special issue contains six articles that cover a wide range of multirobot systems that include warehouse robots, assistive robots, soccer robots, security robots,
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and swarm robots. These articles will provide you a glimpse of typical applications of multirobot systems. In addition, there's a survey article on multirobot exploration.
The first two pieces present architectures for multirobot task planning and coordination. In "Overview: A Hierarchical Framework for Plan Generation and Execution Monitoring in Multirobot Systems," Hang Ma, Wolfgang Hönig, Liron Cohen, Tansel Uras, Hong Xu, T.K. Satish Kumar, Nora Ayanian, and Sven Koenig address the coordination of task-and motion-level operations, leveraging the idea of simple temporal networks (STNs). An interesting feature of their framework is the exploitation of slack in STNs to absorb unintended outcomes during execution monitoring. In "Robots in Retirement Homes: Person Search and Task Planning for a Group of Residents by a Team of Assistive Robots," Kyle E.C. Booth, Sharaf C. Mohamed, Sanjif Rajaratnam, Goldie Nejat, and J. Christopher Beck present a task-planning and execution architecture for assistive robots to interact with a group of retirement home residents to allocate and schedule activities throughout the day. They describe multiple subsystems for information gathering via HRI, and for task allocation and scheduling via constraint programming, not only ensuring consistency with user preferences but also facilitating user activities.
In "Robust Tracking of Soccer Robots Using Random Finite Sets," Pablo Cano and Javier Ruiz-del-Solar propose the use of a random finite sets framework for multitarget tracking. The idea is to use finite sets instead of vectors to represent both observations and hypothesis and avoid the data association problem that plagues existing Bayesian filtering approaches such as extended Kalman filters (EKFs). This approach was tested in the task of tracking multiple robots in robot soccer. Each soccer robot constructs a local map using the GM-PHD filter, which is a mixture of a Gaussians implementation and the probability hypothesis density filter, and then shares it with other robots to form a combined map of robots. According to the authors' experiments, this approach outperforms multihypothesis EKF tracking.
In "Performance Estimation and Dimensioning of Team Size for Multirobot Patrol," David Portugal and Rui P. Rocha estimate the minimum number of robots required to accomplish patrol missions in a multirobot patrol problem such that the time elapsed between consecutive visits to any location is less than a given value. They experimentally compare two previous approaches for generating patrol routes: the first uses a TSP solver to find TSP tours and the minimum cost closed walk with a number of robots, and the second uses graph partitioning to optimize the minimum cost closed walk in an evolutionary manner. The authors discuss the pros and cons of the two approaches in terms of the worst idleness, that is, the maximal time intervals of visiting a point in a graph.
In "On Gathering and Control of Unicycle A(ge)nts with Crude Sensing Capabilities," David Dovrat and Alfred M. Bruckstein present a scalable, decentralized protocol for a group of simple robots to gather into a rotating regular polygon or a similar cohesive formation. Their theoretical analysis in two-robot systems helps establish interesting properties of the protocol, which are extended as conjectures to N-agent systems on the basis of simulations. These simulations also illustrate methods for controlling the swarm, such as by introducing a leader.
Finally, in "Multirobot Exploration of Communication-Restricted Environments: A Survey," Francesco Amigoni, Jacopo Banfi, and Nicola Basilico survey the current state of the art of multirobot exploration in communication-restricted environments.
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They classify the literature along two dimensions. The first is related to the connection requirements to which a particular exploration mission should comply-for example, one particular connection requirement is whether robots have continuous connectivity among them. The second dimension is the communication models employed by the robots to communicate with each other. For instance, a line-of-sight communication model is one in which a robot can communicate with another robot if there's no obstacle between them. The authors survey recent work in this field along these dimensions and outline some promising directions for future research.
